Absorption spectra have been recorded for eight common anaesthetic agents in the ultra-violet range 187-300 nm. Spectra for the agents in aqueous solution showed only minor differences from those obtained in the gaseous state, and the ratios of the absorbances were roughly proportional to the water/gas partition coefficients. The spectra for different agents overlapped each other, and those for methoxyflurane and diethyl ether are entirely overlapped by the absorption curve of oxygen. Cyclopropane showed no absorption in the range tested but, for other agents, ultra-violet analysis is convenient and sensitive. The possibility of interference with analysis for other substances is discussed.
Absorbance in the ultra-violet range forms a convenient method for the analysis of halothane in gas mixtures. Kalow (1957) published details of the optical properties of this anaesthetic showing absorption in the range 200-270 nm, with peak absorbance at about 206 nm. He suggested 228 nm as a convenient wavelength free from interference by most other anaesthetics. Robinson, Denson and Summers are quoted by Cullen (1962) as the originators of the method of vapour analysis based on the radiation from a commercially available mercury resonance lamp with emission at 253.7 nm. These workers presented the ultra-violet absorption spectrum of halothane vapour in the range 230-300 nm, and also reported the upper limit of wavelength of absorption bands of other anaesthetic agents. Of these only trichloroethylene showed absorption at wavelengths in excess of 250 nm, and would thus be the only common agent showing overlap with halothane at the working wavelength of 253.7 nm. The system they presented has become the basis of at least two commercial halothane vapour analyzers, including that manufactured by Messrs Hook and Tucker Ltd.
Selection of different wavelengths offers the possibility of analyzing other anaesthetic agents in the absence of halothane and trichloroethylene and, furthermore, ultra-violet absorption appeared a possible method of determination of anaesthetic concentrations in aqueous solution. Conversely, anaesthetic agents might interfere with other forms of analysis carried out at wavelengths which overlap the absorbance of the various inhalational anaesthetics. For example, optical rotatory dispersion studies of proteins are commonly performed at 230 nm, and in addition to this, certain drugs show absorption at 220 nm and less, as for example carbromal and amphetamine. However, absorption spectra of anaesthetic agents are not readily available and the data for methoxyflurane have apparently never been published. We have, therefore, recorded absorption curves for a number of the more common inhalation anaesthetic agents in gas mixtures and, in some cases, in aqueous solution.
METHOD
The studies were carried out with a Unicam SP700 double beam recording spectrophotometer which is especially suited to detailed work in the far ultra-violet region (187-220 nm). The cuvettes used for aqueous solutions were of 10 mm path length, and of UV grade silica. For analysis of gas samples, brass lids, pierced by inlet and outlet tubes, were cemented on top of the cuvettes. The cuvettes were sealed after flushing and analysis undertaken immediately.
Oxygen has absorption peaks in the far ultraviolet (186.3, 188.2, 190.2, 192.3 and 194.7) , and the possibility of overlap with curves of anaesthetic agents were first investigated. Using the SP700 as a single beam instrument, and with air in all parts of the optical pathway, the spectrophoto- meter was set to scan wavelengths 187-270 nm. The resulting trace showed that oxygen absorption is detectable on this instrument up to 204 nm. The cell compartment and monochromator were then flushed with nitrogen at a flow of 5 l./min for 1 hour, after which the trace was repeated with little reduction in the peak heights. Since flushing other parts of the optical pathway presented technical difficulties, the instrument was used in the double beam mode without nitrogen purging and relying on the reference beam to compensate for UV absorption by oxygen in the optical pathway. In fact, there was no difficulty in obtaining a flat baseline with both cuvettes filled with air. Furthermore, changes in the oxygen concentration of the gas in the cuvettes had an insignificant effect. With one cuvette filled with oxygen and the other with nitrogen, there was no measurable absorption. When the sample cuvette was filled with oxygen-equilibrated water and the reference cuvette with nitrogenequilibrated water, there were detectable fluctuations of the baseline up to 200 nm, but these were almost within the scatter normally obtained with the instrument in this range (less than 0.03 absorbance units). Nevertheless, it was decided to avoid the presence of oxygen in both sample and reference cuvettes in the studies which follow. Nitrogen or helium gas was used in the reference cell since these gases have no measurable absorption at the wavelengths concerned. Zero absorbance was demonstrated from 187 to 270 nm with helium and nitrogen interchangeably in the reference and sample cells. Volatile agents were vaporized in nitrogen gas. Absorbance, otherwise known as optical density, is the log of the reciprocal of the transmission of light, which is defined as the ratio of the emergent to the incident light.
Cyclopropane (British Oxygen Gases) Nitrous oxide (British Oxygen Gases)
Anaesthetic vapour concentrations were measured with a Riken Keiki Type 18 portable interference refractometer (Hulands and Nunn, 1970) .
The first set of traces was obtained using distilled water which had been equilibrated at room temperature with gases and anaesthetic vapours. Zero traces were made using water equilibrated with nitrogen or helium, in both cells, one of which was then used in the reference beam. Equilibration of gas with water was achieved by bubbling gas through fine nylon tubing into a glass syringe containing water for a period of at least 10 minutes. For aqueous samples, the cuvette was filled to the brim and closed with a glass lid.
RESULTS
All of the agents investigated except cyclopropane showed broadly similar patterns of absorption with maxima in the range 188-204 nm. However, the detailed shape of the curves for different anaesthetics showed consistent differences. Agents containing a double bond (trichloroethylene and divinyl ether) showed absorption substantially greater than with the other agents, as would be expected. Cyclopropane in the gaseous state showed no measurable absorption (less than 0.01 absorbance units) in a concentration of 100 per cent, over the range 187-250 nm.
Halothane.
In the vapour state the maximum was at 204 nm with a tail extending as high as 290 nm ( fig. 1A) . At 253.7 nm (the wavelength used in commercial UV halothane analyzers) absorbance was only 5 per cent of the maximum at 204 nm. In aqueous solution the maximum was at 200 nm, but the appearance of the tail was unchanged (fig. 1B) . Other minor differences occurred in the shape of the curve in the range 190-200 nm. For the same partial pressure, the absorption was approximately four times higher in aqueous solution than in the gaseous state.
Methoxyflurane.
In the vapour state, methoxyflurane showed a much sharper peak than halothane with negligible absorption above 210 nm ( fig. 2A ). Minor differences in the curves were again noted between the vapour state and aqueous solution with the maximum at 188 nm in the former and 190 nm in the latter ( fig. 2B ). For the same partial pressure the absorption was eleven times higher in aqueous solution.
Diethyl ether.
X.I per cent ether in the vapour state produced the sharpest peak of all the agents tested ( fig. 3) . The maximum occurred at 190 nm with negligible absorption above 194 nm.
Trichloroethylene.
Trichloroethylene showed much stronger absorption than the previous agents; 0.15 per cent in the vapour state showed a maximum absorbance of 0.89 at 197 nm, with a tail extending up to 250 nm ( fig. 4) .
Divinyl ether.
Great difficulty was experienced in obtaining the curve for divinyl ether which showed absorption in excess of 1.1 (off scale) for the lowest concentration measurable with the refractometer (0.1 per cent). A curve was finally obtained with a trace concentration of divinyl ether which was too low for measurement by refractometry ( fig. 5) . Maximum occurred at 204 nm. No absorption was detectable above 240 nm.
Chloroform.
In the vapour state chloroform showed an absorption curve similar to methoxyflurane but with absorption continuing up to 230 nm ( fig. 6 ).
Nitrous oxide.
Curves for nitrous oxide were very similar for the gaseous state and aqueous solution. Maxima occurred at 190 nm with absorption continuing up to 225 nm. Absorption in aqueous solution was 70 per cent of that occurring in the gaseous state at the same partial pressure ( fig. 7A, B) . 
DISCUSSION
Absorption characteristics for the agents studied are summarized in table I. The curve for halothane is similar to the more heavily damped curve published by Kalow (1957) . The wavelengths of the upper limits of absorption (taken as absorbances of 0.01 for 10 mm light path at die concentrations listed in the legends) are shown in table I and agree well with those quoted by Cullen (1962) . The only significant differences are that Cullen (1962) cites absorption with methoxyflurane up to 245 nm and widi diethyl edier up to 230 nm. These values are not supported by our observations ( figs. 2 and 3) . 
0.010
The resemblance of the curves for the agents showing ultra-violet absorption is striking. The chromophores cannot be easily identified as few molecular groups are shared by the agents studied, but the group -CHCU is common to methoxyflurane and chloroform, which have very similar curves. Nevertheless many agents may be identified by their absorption spectra. The double bonds in trichloroethylene and divinyl ether confer much higher absorbances than with the other agents.
When the agents were dissolved in water, minor but consistent differences in the absorption curves were recorded. Shifts of maxima occurred with halothane and methoxyflurane. The ratio of absorbance in solution to absorbance in the vapour state (measured at X^,*), when corrected for differences in partial pressure, reflected the water/gas partition coefficients for methoxyflurane and nitrous oxide (table II) . This would be expected from Henry's and Beer's laws. We can see no explanation of the discrepancy in the case of halothane.
The maxima of all the agents listed in table I are overlapped by the absorption spectrum of oxygen and, in the case of methoxyflurane and diethyl ether, it would not be possible to select a wavelength suitable for analysis of these agents which would * A ma i=wavelength at which maximal absorption occurs. not be subject to interference from oxygen. To a lesser extent the same problem would arise with chloroform and nitrous oxide. Trichloroethylene and divinyl ether have such high absorbance that ultraviolet absorption would appear to offer an extremely sensitive method of analysis. The absorption curve of halothane is so broad that it is virtually the only agent detected by analyzers which depends upon the emission of a mercury resonance lamp (253.7 nm), although at this wavelength the absorption of halothane is only 5 per cent of the maximum at 204 nm. Freedom from interference from oxygen and other anaesthetic agents is thus obtained at the price of a twenty-fold reduction in sensitivity. Selection of a lower wavelength (e.g. 235 nm) would be preferable.
The use of ultra-violet spectroscopy invites comparison with other methods of analysis for anaesthetic agents. An important practical advantage of the method is that suitable apparatus working in the UV range (200-290 nm) is widely available as standard equipment in many laboratories and can be used without any modification odier than the simple adaptation of a cuvette, described above, which is required for use widi a gaseous sample. A recording instrument is not necessary if the general shape of the curve is known, but a double beam instrument is required.
For analysis of anaesthetics in the gaseous or vapour state, the technique has adequate sensitivity for all agents tested except perhaps for methoxyflurane. Cyclopropane, however, cannot be detected at all by this method. The method is similar to interference refractometry in its general applicability, being suitable for a wide range of agents but only being satisfactory for samples of which the composition is not changing rapidly. Calibration drift is Ultra-violet analysis of anaesthetics in aqueous solution is relatively simple and entirely avoids the problem of extraction of the anaesthetic from solution for presentation to instruments such as the gas chromatograph or mass spectrometer. The limitation is that the liquid in which the gas is dissolved must be reasonably translucent in the far ultra-violet range. To a certain extent gas-free liquid used as a blank in the reference beam would compensate for non-volatile substances widi absorption spectra overlapping that of the anaesthetic agent. However, it would probably not be practicable to measure anaesthetics in solutions containing substantial amounts of protein for example. Ultra-violet absorption by anaesthetic agents, particularly halothane and trichloroediylene may interfere with analytical procedures involving spectroscopy in the far ultra-violet range. However, analysis for most substances is undertaken at wavelengths above 280 nm (e.g. nicotine adenine dinucleotide (NAD) at 350 nm) where interference from anaesthetic agents would not be a problem. There are, nevertheless, certain analyses conducted in the far ultra-violet range, such as Krimsky's method for 2,3-diphosphoglycerate at 240 nm, which would overlap with halothane and trichloroethylene. However, volatile agents may well be lost when the specimen is prepared for spectroscopy. 
ESPECTROS DE ABSORCION DE LOS AGENTES ANESTESICOS COMUNES EN ULTRAVIOLETA LEJANO

RESUMEN
Han sido registrados los espectros de absorci6n para ocho agentes anestesicos comunes entre los limites ultravioletas de 187-300 nm. Los espectros para agentes en soluci6n acuosa solamente mostraron diferencias menores con los obtenidos en el estado gaseoso y los cocientes de absorci6n eran aproximadamente proporcionales a los coeficientes de repartition agua/gas. Hubo sobreposicidn de los espectros para diferentes agentes y los del metoxiflurano y eter dietilico estan completamente sobrepuestos por la curva de absorcion del oxigeno. El ciclopropano no mostr6 ninguna absorci6n dentro de los limites investigados, pero para otros agentes el analisis ultravioleta es conveniente y sensible. Se discute la posibilidad de interferencia con el analisis por otras sustancias.
